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• Exploring relation between topology and 

essentiality

• Uncovering biological pathways

• Uncovering domain-domain interactions 

from protein-protein interactions

• Combining with other experimental data -

eQTL



Is there a relation between graph-

theoretical properties of a network and 

function?
The Centrality-Lethality Rule

(Jeong et al., Nature 2001)

High-degree nodes in a protein interaction network 
are enriched in essential proteins.
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Why are hubs enriched in 

essential proteins?

Are hubs indeed enriched in essential 

proteins?



Protein Interaction Networks

• DIP CORE Deane et.al. 2002
– high-confidence interactions from the DIP database

• LC (Literature Curated) Reguly et.al. 2006
– interactions reported in small-scale experiments

• HC (High Confidence) Batada et.al. 2006
– interactions reported by several independent studies

• TAP-MS Collins et.al. 2007
– interactions derived from two high-throughput complex purification experiments

• BAYESIAN Jansen et.al. 2003
– interactions derived in-silico (from experimental data) using Bayesian Networks formalism

• Y2H Ito et al. 2001
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Why are hubs enriched in 

essential proteins?

• The Centrality Hypothesis: If removal of a node disrupts the 
“communication” between pairs of other nodes in the network, then 
the corresponding protein is likely to be essential (Jeong et al., Nature 
2001)

• The Essential PPIs Hypothesis: All interactions are essential with 
uniform probability. High degree nodes are essential because they  
participate in many interactions and thus, with high probability, are 
adjacent to an essential interaction (He et al., PLoS Genetics 2006)

• Our result: Neither of the above is true. Alternative view is 
proposed.  

Zotenko, Mestre, O’Leary, Przytycka. PloS CB 2008

(highlighted in  Nature Genetics Rev, Sept 2008)



BSOSC Review, November 2008 8

Why are hubs enriched in 

essential proteins?

• The Centrality Hypothesis: If removal of a node disrupts the 
“communication” between pairs of other nodes in the network, then 
the corresponding protein is likely to be essential (Jeong et al., Nature 
2001)

• The Essential PPIs Hypothesis: All interactions are essential with 
uniform probability. High degree nodes are essential because they  
participate in many interactions and thus, with high probability, are 
adjacent to an essential interaction (He et al., PLoS Genetics 2006)

• Our result: Neither of the above is true. Alternative view is 
proposed.  



Network Centrality Indices

• Local indices
– Degree Centrality (DC)

• c(v) is the number of neighbors

– Eigenvector Centrality (EC)

• c(v) is the weighted number of neighbors

– Sub-graph Centrality (SC)

• c(v) is the number of closed walks that start and terminate at v

• Betweenness indices
– Shortest-Path Betweenness Centrality (SPBC)

• c(v) is the fraction of shortest paths that pass through v

– Current-Flow Betweenness Centrality (CFBC)

• c(v) extends the shortest-path betweenness values by taking into account 
other paths

A centrality index assigns a centrality value to every node in 
the network which quantifies its topological prominence.



Illustration of differences in centrality 

measures 
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Essential proteins in top 20% of central 

nodes according to each centrality measure

•None  of the centrality indexes is a better predictor of essentiality than degree



How destructive to network integrity is 

removal of central nodes
DIP CORE network

local
indices

betweenness
indices

random
proteins

Network Integrity Measures
 fraction of nodes in the largest connected component

 increase in the average shortest path 

 decrease in the number of edge-disjoint paths

essential
proteins



Correlation of betweens centrality with 

degree centrality, essentiality, and 

essentiality corrected for degree 

centrality



So far we observed the following:

• Local centrality measures matter (degree, 

sub-graph centrality)

• Correlation of global centrality measures 

with essentiality is not statistically 

significant when correcting for correlation 

with vertex degree
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Common neighbors

Rejecting Essential PPIs 

Hypothesis:

According to the essential 

interaction hypothesis, essentiality 

of A should be independent of 

essentiality of B.

A B

The independence of 

such pairs was rejected 

with high probabilityCommon neighbors



Adding new observation:

• Local centrality measures matter (degree, 

sub-graph centrality)

• Correlation of global centrality measures 

with essentiality is not statistically 

significant when correcting for correlation 

with vertex degree

• Clustering effect of essential and non-

essential nodes
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Essentiality of hubs is explained by 

membership in 

Essential COmplex Biological Modules 

(ECOBIMs)

Complex Biological Module (COBIM) is a group of 

proteins that:

- share a biological function (Biological Module)

- interact extensively with each other (Complex)

COBIMs are clearly partitioned into two classes:

- enriched in essential proteins (ECOBIMs)

- depleted of essential proteins





Non-ECOBIM hubs are depleted in 

essential proteins.



Enrichment in  ECOBIMs and non-ECOBIM COBIM 

in essential proteins





• large complexes are enriched in 

essential proteins

• the enrichment is increasing with 

complex size

Molecular and cellular proteomics, 2009



• No centrality-lethality relation in this 

larger set

Science 2008



Jeong et.al., Nature 2001
The Betweenness Hypothesis

Albert et.al, Nature 2000

Our explanation
The ECOBIMs Hypothesis

GO:0008380
RNA splicing

He et.al., PLoS Genetics 2006
The Essential PPIs Hypothesis

Why proteins associated with high degree nodes 

are essential

SUMMARY
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Eigen vector centrality
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Subgrah centrality
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